pant to respond with the finger that is vibrated (or the opposite finger), the two versions of this task are analogous to prosaccades and antisaccades. This kind of tactile-manual response task, like the saccade task, exhibits (1) very small practice effects; (2) little to no dual-task interference (see, e.g., Pashler, Carrier, & Hoffman, 1993) ; and (3) no increase in RT with the number of response alternatives (see, e.g., Dassonville, Lewis, Foster, & Ashe, 1999; Fitts & Posner, 1967, p. 105; Leonard, 1959) . Tactile-manual responses are also similar to saccades in terms of the number of stimulus types and response alternatives. 1 If residual costs are eliminated, this will support Hunt and Klein's (2002) proposal that residual switch costs can be eliminated by using hypercompatible S-R mappings. On the other hand, if residual switch costs are not eliminated, it will be necessary to devise a different explanation for their elimination when saccades are used. As was the case in the experiments of Hunt and Klein, performance (RT and accuracy) was examined as a function of stimulus onset asynchrony (SOA; 200, 550, and 1,100 msec), task (compatible or incompatible), and position (trial after the switch, from Trial 1 to Trial 8). Participants responded to left and right tactile stimuli (vibration) by making either spatially compatible or incompatible finger lift responses.
Method
Each of the 14 participants was seated alone in a darkened room, 57 cm from a central red/green light-emitting diode (LED). Two levers were fixed to the table in front of each participant, one lever for each hand. Each lever was affixed with a hearing aid, acting as a tactile stimulator, on the top of which the participants rested their left and right index fingers. The hearing aids were adjusted so that the left and right finger stimulations were of perceptually similar intensity, as subjectively reported by each participant. The participants wore headphones playing white noise of sufficient intensity to mask the sound of the stimulators.
The participants completed 480 trials in three equal blocks. Each trial began when the participant pressed down on both levers. At this point, either the green or the red LED was illuminated and it remained on until the participant responded. After 200, 550, or 1,100 msec from the onset of the LED, one of the two hearing aids began to vibrate. Participants were instructed to use the color of the LED to prepare for one of two tasks. If the LED was green, participants were instructed to lift the finger that felt the stimulation (i.e., make a compatible response). If the LED was red, they were instructed to lift the opposite finger (an incompatible response). The hearing aid continued to vibrate until the participant responded. Participants depressed both levers for the next trial to begin. The color of the LED changed between red and green every 8 trials, so that participants made 8 compatible responses, followed by 8 incompatible responses, and so on for the duration of each block. The location of the tactile stimulation (left or right) was randomized. The SOA between the instructional LED and the onset of the tactile stimulation was varied between blocks, and the order of blocks was randomized across individual participants. A 486 PC controlled the LED and tactile stimulators and collected response information from the levers.
The first 16 trials of each block were considered practice and excluded from analysis. In the RT analyses, trials on which an incorrect response was executed and trials with RTs less than 120 msec or greater than 1,280 msec (2.2% of trials) were also excluded. Trials were labeled according to their position in the sequence of trials following a switch (1 through 8), whether they were compatible or incompatible, and whether the SOA between the LED and the vibrator was 200, 550, or 1,100 msec. Using these three factors, three-way repeated measures ANOVAs were conducted on RT and accuracy. To obtain a more specific measure of task switch costs, we also compared the mean of Trial 1 in the sequence with the means of Trials 4, 5, 6, and 7 in each condition. 2
Results

Reaction times
The results are illustrated in Figure 1 . When all eight positions were included in the ANOVA, there was a significant main effect of task (compatible or incompatible) [F(1,13) 5 41.99, p , .001], indicating that participants were faster for compatible tasks than for incompatible tasks. The main effect of position (one to eight) was also significant [F(7,91) The eight levels involved in the position factor make it difficult to interpret effects involving position without a large number of t tests, so a second ANOVA was carried out on the RTs of Trial 1 (switch) and the mean RT of Trials 4, 5, 6, and 7 (repeat). These results are illustrated in Figure 2 . In this analysis, all three main effects were significant: switch-repeat [F(1,13) . In this analysis, these two-way interactions were again subsumed by a three-way interaction of SOA, task, and position that was very nearly significant [F(2,26) 5 3.23, p 5 .056]. The most succinct interpretation of this interaction is that there were significant switch costs across all SOAs for the compatible task, but that switch costs were only significant for the incompatible task at the shortest SOAs (see Figure 2) .
errors
The only significant main effect was that of position [F(7,91) 5 3.20, p , .05]. The interaction between task and position was also significant [F(7,91) 5 2.74, p , .05]. To mirror the RT analysis, the accuracy of Trial 1 (switch) and the mean accuracy of Trials 4, 5, 6, and 7 (no switch) were submitted to an ANOVA. There was a significant main effect of switch-no switch [F(1,13) 5 5.51, p , .05], revealing reliable switch costs (see Figure 2) . In addition, the interaction between switch-repeat and task was again significant [F(1,13) 
discussion
The tactile-manual task used in the present study is like the saccade task in Hunt and Klein (2002) , in that making manual responses to tactile stimulation can be classified as a hypercompatible task (Leonard, 1959) . On the assumption that hypercompatibility is an important feature for eliminating switch costs, we predicted that the present results would mirror those of the saccade task in Hunt and Klein (2002, Experiment 1) . If instead there is something specific about eye movements that is not captured by the tactile hypercompatible task, the results should mirror those of the visual-manual RT task used in Experiment 2 of our 2002 study.
The results are only partially consistent with the hypercompatibility explanation for residual switch costs. Our original hypothesis was that the imperative stimulus, when presented, elicits the automatic retrieval of the response rule used on the previous trial. When the task repeats, this retrieval process produces faster and more accurate responses, but when the task switches, it causes interference with the correct response. In the case of a hypercompatible task, the response is so efficient and automatic that it bypasses the response retrieval process, thus producing no benefit on task repetition trials and no interference when the task switches to an incompatible task, because the simplicity of the preceding task did not leave a memory trace powerful enough to cause measurable response interference (for a more detailed explanation of this model, see Hunt & Klein, 2002) . Consistent with this prediction, in the present study we observed a lack of an interference for switching from compatible to incompatible tasks, but we also observed consistent interference for switching from an incompatible task back to a compatible task, even at the longest SOA. 3 The latter finding is at odds with results obtained in the saccade task, suggesting that there is something unique about eye movement responses, and how they are affected by a change in task, that is not captured by the tactile choice reaction task used in the present study. Other recent studies of task switching using eye movement tasks have shown the same elimination of residual switch costs (Hodgson, golding, Molyva, Rosenthal, & Kennard, 2004; Manoach et al., 2002) , but a total elimination of switch costs has yet to be observed in a task that does not involve eye movements, suggesting it to be a unique feature of this response system.
Another unique feature of saccadic task switching is the paradoxical switch benefit seen among antisaccades, with faster and more accurate antisaccade performance on the first trial after a switch from prosaccades (Cherkasova, Manoach the suppression of the saccade system necessary for successful antisaccade performance, which carries over from one task to the next, so that any trial preceded by an antisaccade will be slower and any trial preceded by a prosaccade will be faster. Barton et al. proposed that this interpretation can also apply to switch costs in other asymmetric task pairings in which a prepotent response must be suppressed. However, the fact that no switch benefit was observed for the incompatible manual task in both the present study and in Hunt and Klein (2002) suggests that this switch benefit is in fact specific to saccades, because it was not observed in these two otherwise very similar tasks that do not involve saccade responses. The present results do reveal an asymmetry in switch costs, however, with the more prepotent compatible response showing larger switch costs than those for responses on the incompatible task. Asymmetry of this type is a common feature in task-switching research (e.g., Allport et al., 1994; Wylie & Allport, 2000) and has been interpreted as evidence of proactive interference from the previous task to the current one, which is greatest when the previous task requires a greater degree of control to perform. However, Yeung and Monsell (2003) have shown that these asymmetries occur only when the responses between the two tasks overlap perfectly and when there is a large degree of interference between the tasks. Under other conditions, switch cost asymmetries can be eliminated or even reversed. In the above study, Yeung and Monsell argued that there is flexibility in the control over the activation level of the current task that can strengthen or weaken task priming effects (i.e., the increase in performance efficiency with task repetitions). One puzzle that remains to be solved is how paradoxical switch cost benefits seen in antisaccade performance can be explained through a flexiblecontrol model of task priming effects.
A possible explanation for the unique results observed when task switching is measured using saccadic responses is the direct connection between the retina and the superior colliculus, a midbrain structure central to the control of reflexive eye movements. This pathway, which bypasses the cerebral cortex entirely, is likely involved in the control of prosaccades, and it could support a response that does not involve episodic retrieval processes. In other words, this system may be more hypercompatible than other kinds of habitual or easily learned responses, and the otherwise comparable tactile-manual responses do not bypass the response retrieval stage to the same extent as prosaccadic responses. Another consideration is the close alignment of the sensory and motor maps within the superior colliculus and in the frontal eye fields, which support cortically controlled eye movements. The unique architecture of the eye movement system supports a very fast translation of sensory input into a motor response that need not involve any complex response selection processes.
A final caveat is that several distinct types of task switching exist in the literature. For instance, there is a cost of alternating between two tasks relative to performing a single task (see, e.g., Allport et al., 1994) , a cost of voluntary switches in task (see, e.g., Arrington & Logan, 2004) , and a cost of switching between runs of repeating tasks (see, e.g., Rogers & Monsell, 1995) . The latter type of task switching was used in the present study, in which switch trials were compared with repeat trials that reached an asymptotic level of performance within the run of trials. Performance on the repeat trials here is not quite the same as performance on the same trial within a block in which the other task is never performed (e.g., like those used by Wylie & Allport, 2002) . One of the important debates in the literature is how various task-switching designs might contribute to the switch cost effect (see, e.g., Altmann, 2004) . Future research is needed so that the present study's conclusions can be applied to other types of task switching, and in order to understand the relationships between these various kinds of task switching more generally.
